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Abstract

Carbon literacy education has emerged as a key strategy for addressing climate change by enhancing
environmental awareness and promoting pro-environmental behavior among university students. This
study presents a systematic literature review examining how CO, emission education is conceptualized,
implemented, and evaluated within higher education institutions and its influence on student behavioral
change. This review synthesizes peer-reviewed studies published between 2015 and 2026, focusing on
conceptual frameworks, pedagogical approaches, and behavioral outcomes. The findings indicate that
carbon literacy education improves climate knowledge, strengthens environmental attitudes, and
increases students’ intentions to adopt sustainable practices in the future. Pedagogical strategies, such as
experiential learning, project-based learning, life cycle assessment, and campus-based sustainability
initiatives, play a critical role in translating knowledge into actionable competencies. However, a
persistent awareness-action gap remains, wherein increased knowledge does not consistently lead to
sustained behavioral change. The effectiveness of educational interventions is strongly influenced by
psychological engagement, social learning environments and institutional support. Overall, this study
emphasizes the need for integrated and interdisciplinary approaches that combine cognitive,
experiential, and institutional dimensions. Embedding carbon literacy across curricula and campus
practices can enable higher-education institutions to foster meaningful behavioral change and contribute
to climate-mitigation efforts.

Keywords: Carbon literacy, climate change education, CO, emission education, higher education, pro-
environmental behavior
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1. Introduction

Climate change has emerged as one of the most pressing global challenges of the twenty-first
century, primarily driven by the continuous increase in greenhouse gas emissions, particularly carbon
dioxide (CO,), resulting from human activities such as energy consumption, transportation, mining, and
industrial production (Anwar et al., 2024; Hardyanti et al., 2022; Wibowo et al., 2025). The growing
concentration of atmospheric CO, has intensified global warming, extreme weather events, and
ecological disruption, thereby raising urgent concerns regarding sustainable development and long-term
environmental resilience (Hardyanti et al., 2022). In this context, education has been widely recognized
as a critical mechanism for fostering environmental awareness and equipping individuals with the
competencies required to mitigate climate impacts. Higher education institutions (HEIs) play a strategic
role in cultivating carbon literacy among university students, which is defined as an understanding of
carbon emissions, their sources, and the actions necessary to reduce them in personal and societal
contexts. Universities function not only as centers of knowledge production but also as transformative
environments that shape students’ environmental values, decision-making processes, and sustainability-
related behavioral practices. Through integrated teaching, research, and community engagement
activities, HEIs influence how students interpret climate challenges and develop the capacity to adopt
low-carbon lifestyles. Therefore, developing carbon literacy among students is essential because it
connects the scientific knowledge of climate change with everyday behavioral choices, enabling
individuals to translate environmental understanding into practical actions that contribute to emission
reduction and long-term environmental stewardship.

Existing scholarship has increasingly explored the role of higher education in advancing climate
change education and promoting student sustainable behavior. Empirical evidence suggests that
increased awareness of carbon emissions is associated with measurable differences in lifestyle choices and
environmental practices. For instance, machine learning analyses of student lifestyle emissions
demonstrate that individuals with stronger carbon awareness are significantly more likely to exhibit
lower-emission behavioral patterns than those with limited awareness (Cen et al., 2025). Similarly,
integrating sustainability concepts into university curricula, particularly through incorporating
Sustainable Development Goal 13 on climate action, has been shown to strengthen students’
understanding of climate challenges and enhance their engagement with mitigation strategies (Tarrazo-
Serrano et al., 2024). Universities also function as living laboratories, where students’ everyday practices,
including energy consumption, transportation, and food choices, can be examined and reshaped through
institutional sustainability initiatives. Modeling studies indicate that coordinated campus interventions
combined with community engagement can significantly reduce student-related carbon emissions, with
scenario simulations suggesting potential reductions of up to 40 percent when campus policies align with
community actions (Zhu et al., 2026). In addition, educational programs, such as workshops, internships,
and community-based sustainability projects, allow students to apply theoretical knowledge in real-world
contexts while developing leadership competencies relevant to climate mitigation (Atef and
Ramachandran, 2026). Complementing these initiatives, curricular innovations addressing low-carbon
technologies and environmental policy further equip students with technical knowledge and professional
skills necessary for addressing sustainability challenges (Yu et al., 2013)

Despite these promising developments, the existing literature reveals several conceptual and
empirical limitations that constrain our understanding of how carbon literacy education influences
student behavior in higher education contexts. One persistent issue is the widely documented awareness-
action gap, where students demonstrate high levels of environmental knowledge but fail to consistently
translate this knowledge into sustainable behaviors. Studies examining students’ perceptions of climate
change indicate that although many students acknowledge the environmental and societal importance
of sustainability, their actual engagement in climate-friendly practices remains limited (Lingos et al.,
2025). This gap suggests that cognitive awareness alone may be insufficient to generate meaningful
behavioral transformation, emphasizing the importance of psychosocial factors such as environmental
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values, risk perception, and emotional engagement in shaping pro-environmental behavior (Garrecht et
al., 2026). Moreover, institutional challenges influence the effectiveness of sustainability education. Many
universities publicly commit to climate action but struggle to translate institutional awareness into
consistent operational practices and student engagement strategies (Kumbhojkar and Raman, 2024).
Methodological inconsistencies further complicate the evaluation of sustainability initiatives, as
variations in carbon footprint assessment methods and system boundaries hinder comparisons across
institutions and limit the identification of best practices (Da Silva et al., 2023; Valls-Val and Bovea 2021).
These limitations indicate the need for a comprehensive synthesis of existing research to better
understand how carbon literacy education is conceptualized, implemented, and evaluated in higher
education settings.

Recent review studies have begun to examine the role of higher education in advancing
sustainability and climate-related competencies; however, their scope remains fragmented across
conceptual and methodological domains. For example, reviews of decarbonization and green campus
strategies primarily focus on institutional emissions and operational practices, with limited attention to
student behavioral outcomes (Da Silva et al., 2023; Oliveira and Proenga, 2025). Similarly, literature
reviews on carbon footprint assessment in higher education emphasize methodological frameworks and
measurement approaches but do not explicitly address the pedagogical mechanisms that influence
student behavior (Valls-Val and Bovea, 2021). Other reviews on sustainability education highlight the
importance of interdisciplinary learning and competency development, yet often treat climate literacy
and carbon-related behavior as secondary outcomes rather than central analytical focuses (Price et al.,
2024). Consequently, existing reviews tend to examine carbon management, sustainability education, or
institutional transformation in isolation, lacking an integrated perspective that connects carbon literacy
education with changes in student behavior. This fragmentation underscores the need for a
comprehensive synthesis that explicitly links educational approaches, conceptual frameworks and
behavioral outcomes within higher education contexts.

In response to these gaps, the present study systematically reviews the literature on carbon
literacy and CO, emission education in higher education and their influence on student behavioral
change. This review synthesizes empirical studies investigating how universities integrate carbon literacy
into curricula, extracurricular initiatives, and institutional sustainability strategies, with particular
attention to pedagogical approaches that translate climate knowledge into actionable competencies. The
scope of this review focuses specifically on higher education contexts, emphasizing university-level
educational interventions aimed at improving students’ understanding of carbon emissions and
encouraging low-carbon behaviors. By critically examining the conceptual frameworks, educational
models, and behavioral outcomes reported in the literature, this review seeks to clarify the mechanisms
through which carbon literacy education contributes to behavioral transformation among university
students in the GCC. Furthermore, this study aims to identify recurring methodological limitations and
emerging research trends, thereby providing a structured synthesis that informs future educational
practices and research directions. This review advances knowledge on climate education in higher
education by highlighting effective strategies for bridging the gap between environmental awareness and
meaningful behavioral change, ultimately supporting the role of universities in fostering a generation
capable of contributing to global climate mitigation efforts.

2. Methodology

This study employed a systematic literature review (SLR) approach to synthesize existing
research on carbon literacy and CO, emission education in higher education and their influence on
student behavioral changes. The review was conducted following widely recognized systematic review
principles that emphasized transparency, reproducibility, and structured evidence synthesis. A
systematic approach was chosen because research related to climate change education, carbon literacy,
and behavioral transformation in higher education has expanded rapidly in recent years, yet the findings
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remain fragmented across different disciplines, including environmental education, sustainability
science, and higher education research. By systematically identifying, screening, and synthesizing
relevant studies, this review aims to provide a comprehensive understanding of how carbon literacy
education is conceptualized, implemented, and evaluated in university contexts. This review followed
the PRISMA 2020 guidelines (Page et al., 2021) for systematic literature reviews ( Figure 1).

Identification
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2. Web of Science (n=325)
3. Others(n=175)

Record after duplicate
removed (n=840)
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"

Record after duplicate
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Eligibility
Full text article accessed
(n=130)

Full text article excluded
(n=85)
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Studies included in

aualitative synthesis
(n=35)

Figure 2. Systematic review flowchart process

The literature search was conducted using three major academic databases that index peer-
reviewed literature across environmental science and education disciplines: Scopus, Web of Science, and
ERIC. These databases were selected because they provide extensive coverage of high-quality
international journals relevant to sustainability education, climate change, and higher education
research. The search strategy employed combinations of keywords and Boolean operators to capture
relevant studies addressing carbon literacy, CO, awareness, climate change education, and behavioral
outcomes among university students. The search query included terms such as “carbon literacy,” “CO,
emission education,” “climate change education,” “carbon footprint,” “higher education,” “university
students,” and “behavioral change.” To ensure the relevance and contemporary nature of the literature,
the publication range was limited to studies published between 2015 and 2026. This timeframe was
selected to capture research reflecting recent developments in climate education frameworks and
sustainability initiatives within higher education institutions. Only peer-reviewed journal articles written
in English were considered to maintain the academic quality and consistency.

Following the database search, the retrieved records were subjected to a multistage screening
process to determine their eligibility for inclusion in the review. The screening procedure involved three
sequential steps: removal of duplicate records, title and abstract screening, and full-text assessment of
the remaining articles. Duplicate records identified in the databases were removed prior to further
evaluation. In the title and abstract screening stage, studies were assessed to determine whether they
addressed climate change education, carbon literacy, or CO, emission awareness within higher education
contexts. Studies that focused exclusively on primary or secondary education, technological carbon
accounting models without educational components, or general sustainability policies unrelated to
student learning were excluded from the review. During the full-text screening stage, additional eligibility
criteria were applied to ensure that the selected studies examined educational interventions, curricular
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initiatives, or institutional programs related to carbon emission awareness and their potential influence
on student knowledge, attitudes, or behaviors. This structured screening process ensured that the final
dataset included only studies directly relevant to the review objectives.

After the final set of articles was determined, a structured data extraction process was conducted
to facilitate the systematic synthesis of the literature. Key information extracted from each study included
publication details, geographic context, research design, educational intervention type, theoretical
frameworks, and reported outcomes related to carbon awareness and behavioral change. The extracted
data were subsequently analyzed using a thematic synthesis approach to identify recurring patterns in
the implementation and evaluation of carbon literacy education in higher education settings. Particular
attention was given to pedagogical approaches, interdisciplinary educational models, and experiential
learning strategies that aim to translate climate knowledge into practical and behavioral outcomes.
Through this analytical process, the review integrates findings from diverse empirical studies to generate
a coherent overview of current research trends, methodological approaches, and evidence regarding the
effectiveness of CO, emission education in shaping student behavior within university environments.

3. Conceptualizing Carbon Literacy in Higher Education

Carbon literacy in higher education has been increasingly recognized as a central conceptual
domain within sustainability education, aiming to equip students with the knowledge, skills, and values
necessary to understand and mitigate carbon emissions (Molthan-Hill et al., 2019). As universities seek
to respond to the growing urgency of climate change, carbon literacy has evolved from a narrow focus on
climate awareness to a broader competency that integrates scientific understanding, behavioral
engagement, and practical decision-making related to carbon emissions. Conceptually, carbon literacy
refers to the capacity of individuals to understand the sources, consequences, and mitigation strategies
of carbon emissions and translate this understanding into informed actions in personal and professional
contexts. Within university environments, this concept is particularly important because students
represent future professionals and decision-makers who will shape sustainability practices across various
sectors. Consequently, numerous conceptual frameworks have been developed to explain how carbon
literacy can be cultivated in higher education contexts. These frameworks draw on interdisciplinary
perspectives, including systems thinking, behavioral science, constructivist pedagogy, and transformative
learning. Together, these theoretical perspectives provide a foundation for understanding how students
develop carbon awareness and how educational interventions can translate environmental knowledge
into practical sustainable behaviors.

One of the most influential conceptual perspectives underpinning carbon literacy education is
system thinking. Systems thinking emphasizes the interconnected nature of environmental, social, and
economic systems and encourages learners to analyze sustainability challenges from a holistic
perspective. In the context of climate change education, systems thinking enables students to understand
the complex relationships among carbon emissions, ecological processes, and human activities. By
examining feedback loops, causal relationships, and dynamic interactions within socio-ecological
systems, students gain deeper insights into the mechanisms driving climate change and the potential
impacts of mitigation strategies in the real world. Therefore, integrating systems thinking into
sustainability education strengthens students’ ability to conceptualize carbon cycling processes and
understand the broader implications of human activities within environmental systems (Peretz, 2025).
Earlier work on learning progressions in carbon cycling similarly highlights the importance of enabling
students to connect ecological processes with societal activities, emphasizing conceptual modeling and
socio-scientific reasoning as key elements in climate education (Mohan et al., 2009). In addition to
conceptual understanding, analytical frameworks such as Life Cycle Assessment (LCA) have been widely
used to operationalize carbon literacy through practical carbon footprint analysis. LCA frameworks allow
students to evaluate the environmental impacts of products, services, and lifestyle choices by examining
emissions across the production, consumption, and disposal stages. When combined with emerging
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analytical approaches such as machine learning, these frameworks enable researchers and educators to
identify behavioral emission patterns and better understand the determinants of individual carbon
footprint. Empirical analyses of college student emissions, for instance, demonstrate that carbon
awareness significantly influences emission-related behaviors, reinforcing the importance of integrating
analytical tools with sustainability education (Cen et al., 2025). [insert citation] [insert citation] The
relationship between carbon literacy education and student behavioral change can be conceptualized as
a multidimensional framework integrating pedagogical approaches, psychological engagement, and
institutional support (Figure 2).
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Figure 2. Conceptual framework illustrating the relationship between carbon literacy education,
pedagogical approaches, and student behavioral change in higher-education institutions.

Beyond analytical frameworks, pedagogical approaches play a critical role in shaping the
conceptualization of carbon literacy in higher education. Constructivist learning theories suggest that
students develop meaningful understanding through active engagement with real-world problems, rather
than passive knowledge acquisition. Within sustainability education, project-based learning and
problem-oriented pedagogies have been widely used to strengthen students’ understanding of carbon
emissions and climate-mitigation strategies. Educational initiatives that involve students in analyzing the
life cycle impacts of consumer products illustrate how experiential learning activities can integrate
cognitive understanding with ethical reflection and emotional engagement (R. Zhang et al., 2025).
Similarly, interdisciplinary studio-based learning environments allow students to explore sustainability
challenges through scenario-based problem-solving, collaborative design exercises, and role-playing
simulations that replicate real-world decision-making contexts (Moosavi and Bush, 2024). Through these
experiential learning models, carbon literacy is embedded within professional and societal contexts,
enabling students to develop practical competencies relevant to sustainability-oriented careers.
Behavioral and psychological perspectives complement these pedagogical approaches by examining the
motivational mechanisms influencing environmental decision-making. For instance, paradoxical
thinking frameworks highlight the tension between competing motivations, such as comfort-oriented
behaviors and normative environmental responsibilities. Research applying this framework to university
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students shows that climate concern and social support for low-carbon norms significantly influence
students’ intentions to adopt sustainable behavior (Qian et al., 2026). In addition, carbon management
frameworks encourage individuals to evaluate their personal emissions and identify opportunities for
behavioral change. Studies analyzing personal carbon emissions within higher education institutions
have demonstrated how lifestyle patterns, demographic factors, and consumption habits shape individual
carbon footprints, reinforcing the need for educational strategies that encourage critical reflection on
everyday environmental impacts (Bekaroo et al., 2019).

Curriculum design frameworks also provide important conceptual tools for integrating carbon
literacy into higher education programs. One notable approach is the S3 model—“Simple, Serious, and
Solvable”—which frames climate education around accessible scientific explanations, recognition of the
seriousness of climate challenges, and identification of actionable mitigation strategies (Diaz-Clark et al.,
2025). This model integrates scientific understanding with practical problem-solving activities,
encouraging students to engage with climate issues through knowledge acquisition and behavioral action.
Similarly, competency-based frameworks, such as the GreenComp framework, provide structured
guidance for embedding sustainability competencies within university curricula. The GreenComp
framework outlines 12 sustainability competencies that support curriculum development, assessment
strategies, and institutional sustainability initiatives across disciplines (Mertens et al., 2024).
Complementing these curricular frameworks, transformative learning theory emphasizes critical
reflection and perspective transformation as key mechanisms for cultivating environmental
responsibility. Transformative education encourages students to reconsider their assumptions about
human-environment relationships and develop deeper ecological awareness through participatory and
reflective learning experiences (Moore, 2005). Culturally informed pedagogical approaches further extend
this perspective by integrating local cultural knowledge into sustainability education. For example,
Ethno-Education for Sustainable Development (Ethno-ESD) frameworks contextualize environmental
learning within cultural traditions and regional environmental practices, strengthening students’
attitudes toward environmental stewardship and sustainability (Ariyatun et al., 2025). Critical literacy
perspectives similarly emphasize the integration of scientific knowledge with sociopolitical awareness
and ethical responsibility. Critical chemical literacy frameworks, for example, encourage students to
analyze climate-related chemical processes while developing eco-reflexive agency and societal
engagement in climate decision-making (Sjéstrom et al., 2024). Together with social practice perspectives
that highlight the influence of everyday interactions and informal learning environments on climate
knowledge development (Satchwell, 2013), these conceptual models collectively illustrate that carbon
literacy emerges through the interaction of cognitive understanding, behavioral engagement, cultural
context, and institutional learning environments. A summary of the Key Frameworks and Models with
their focus and features is shown in Table 1.

Table 1. Summary of key frameworks and models

Framework/Model Focus Key Features
Systems Thinking Socio-ecological Feedback loops, conceptual modeling, and
systems interdisciplinary reasoning (Mohan et al., 2009;
Peretz, 2025).
Life Cycle Carbon footprint Integration of LCA and machine learning to analyze
Assessment (LCA) analysis behavioral emission patterns (Cen et al., 2025).
S3 Model Climate literacy Hands-on activities, ethical discussions, and

mitigation strategies that emphasize actionable
solutions (Diaz-Clark et al., 2025).
Paradoxical Behavioral Balancing hedonic and normative motivations
Thinking psychology influences low-carbon behaviors (Qian et al., 2026).
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Framework/Model Focus Key Features
GreenComp Curriculum Twelve sustainability competencies guide curriculum
Framework integration development and evaluation (Mertens et al., 2024).
Transformative Ecological literacy Perspective transformation through collaborative and
Learning reflective learning (Moore 2005).
Critical Chemical Climate Integration of scientific knowledge with eco-reflexive
Literacy empowerment agency and societal responsibility (Sjostrom et al.,

2024).

In summary, the conceptualization of carbon literacy in higher education reflects the
convergence of multiple interdisciplinary frameworks that collectively explain how students develop
environmental awareness and translate this knowledge into sustainable behavior. Systems thinking
provides an analytical foundation for understanding complex environmental processes and socio-
ecological interactions (Mohan et al., 2009; Peretz, 2025), whereas behavioral and psychological
frameworks, such as paradoxical thinking, explain the motivational dynamics that influence
environmental decision-making and low-carbon behavior (Qian et al., 2026). Pedagogical models,
including life cycle assessment and competency-based approaches such as the GreenComp framework,
translate these theoretical perspectives into practical educational strategies that foster sustainability
competencies and support evidence-based decision making (Cen et al., 2025; Mertens et al., 2024). In
addition, applied climate literacy models, such as the S3 framework, emphasize actionable learning
through hands-on activities and solution-oriented thinking (Diaz-Clark et al., 2025). Transformative
learning and critical literacy approaches further highlight the importance of ethical reflection, societal
awareness, and eco-reflexive agency in shaping students’ environmental perspectives and empowering
climate action (Moore 2005; Sjostrom et al. 2024). Together, these conceptual models provide a
comprehensive theoretical foundation for designing educational programs that cultivate carbon literacy
and prepare university students to actively engage in climate mitigation and sustainable development
efforts.

4. Pedagogical Approaches to CO, Emission Education

Pedagogical approaches for teaching CO, emission reduction and carbon footprint awareness in
higher education have evolved significantly in response to the increasing urgency of climate change and
sustainability challenges (Ferguson 2019). Universities have adopted a wide range of teaching strategies
designed to integrate scientific knowledge with practical engagement and behavioral transformation.
Rather than relying solely on theoretical instruction, contemporary sustainability education emphasizes
experiential, analytical, and interdisciplinary learning models that enable students to understand the
environmental consequences of human activities and explore actionable solutions (Russell et al., 2016).
In this context, CO, emission education is conceptualized as a multidimensional learning process that
combines environmental science, behavioral understanding, and decision-making competencies. By
integrating analytical tools, participatory learning, and institutional initiatives, universities aim to equip
students with the technical knowledge and practical skills required to reduce carbon emissions in
personal, professional, and societal contexts.

One of the most widely implemented pedagogical approaches involves integrating Life Cycle
Assessment (LCA) and carbon quantification tools into university curricula. These analytical frameworks
enable students to evaluate the environmental impacts associated with products, processes, or lifestyle
activities by calculating the greenhouse gas emissions throughout the entire life cycle of goods and
services. By incorporating carbon accounting exercises into their coursework, students develop systems
thinking skills and gain a deeper understanding of how consumption patterns contribute to
environmental degradation. Project-based learning activities that involve calculating the life cycle
emissions of consumer products, such as clothing items, demonstrate how hands-on carbon footprint
analysis can engage students cognitively, emotionally, and ethically in sustainability learning (R. Zhang
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et al., 2025). Similarly, sustainability-oriented laboratory activities in engineering education allow
students to analyze energy use, resource consumption, and emission generation in industrial processes,
thereby strengthening their competencies in environmental assessment and mitigation (Sivanandam et
al., 2024). Through these analytical approaches, carbon literacy education moves beyond abstract climate
concepts and encourages students to apply quantitative methods to evaluate environmental impacts and
design emission reduction solutions.

Digital and online learning models also represent an important pedagogical approach for
advancing CO, emissions education while simultaneously reducing the environmental footprint of
educational delivery. The adoption of online and distance learning platforms in higher education has
expanded rapidly in recent years, offering opportunities to integrate sustainability principles into
teaching. Beyond providing flexible access to educational resources, digital learning environments can
significantly reduce the carbon emissions associated with transportation, campus energy consumption,
and infrastructure maintenance. Comparative analyses of teaching models indicate that the carbon
footprint associated with higher education delivery can be substantially reduced when online learning
replaces traditional face-to-face instruction. In some cases, carbon emissions related to teaching activities
have been reported to decrease by as much as 83% through the use of remote learning systems (Caird et
al., 2015). In addition to reducing emissions associated with educational operations, digital learning
platforms can enhance sustainability education by incorporating interactive tools, data visualization, and
collaborative learning environments that support climate awareness and environmental analyses (Caird
et al., 2015). By integrating information and communication technologies into sustainability education,
universities can promote both environmental literacy and institutional decarbonization.

Participatory and service-learning approaches provide effective pedagogical strategies for
teaching CO, emission reduction. These approaches emphasize active collaboration among students,
educators, and community stakeholders in addressing environmental challenges through applied
learning experiences. Sustainability-focused service-learning projects often involve students conducting
environmental assessments, participating in climate action initiatives, and developing community-based
sustainability programs. Such initiatives allow students to apply theoretical knowledge in real-world
contexts, while fostering civic responsibility and environmental engagement. Empirical studies indicate
that sustainability-related service-learning activities can enhance students’ understanding of climate
issues while promoting multidisciplinary collaboration and social awareness (Yi et al., 2025). However,
research also emphasizes the importance of inclusive participation in these initiatives to ensure that
community engagement processes remain meaningful and avoid perceptions of superficial involvement
or tokenism (Guerra et al., 2025). When effectively implemented, participatory learning models can
strengthen students’ commitment to climate action by linking academic knowledge with tangible societal
challenges such as climate change.

Interdisciplinary educational frameworks further strengthen CO, emission education by
integrating knowledge from diverse academic and societal perspectives. Climate change is inherently
complex and interconnected with multiple systems, including economic development, governance, and
technological innovation. Consequently, educational approaches that combine insights from
environmental science, policy studies, engineering, and social sciences are essential for developing
comprehensive climate competencies among students. Pedagogical frameworks, such as the “Simple,
Serious, Solvable” (S3) model, illustrate how climate education can be structured to present climate
science in accessible terms, emphasize the urgency of environmental challenges, and highlight actionable
mitigation strategies (Diaz-Clark et al., 2025). Similarly, transdisciplinary educational models encourage
collaboration between academic disciplines and external stakeholders, allowing students to address real-
world sustainability challenges through applied research and policy analysis (Kim, 2024). These
interdisciplinary approaches foster critical thinking and enable students to understand the societal
implications of climate change while exploring innovative solutions for emissions reduction.
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Institutional sustainability frameworks also play a significant role in shaping pedagogical
strategies for CO, emissions education within universities. Many higher education institutions have
adopted sustainability initiatives aimed at achieving carbon neutrality and reducing campus emissions,
creating opportunities to integrate operational sustainability practices into educational activities.
Campus carbon audits, environmental management systems, and sustainability reporting initiatives often
serve as practical learning platforms where students can directly engage in emission monitoring and
mitigation strategies. Research on carbon-neutral university initiatives demonstrates how institutional
sustainability strategies can enhance student learning by connecting campus operations to teaching and
research activities (Udas et al., 2018). Similarly, large-scale institutional programs, such as the Sustainable
Universities Initiative, combine emission assessment, carbon mitigation planning, and sustainability
education to promote climate awareness within university communities (Magoo et al., 2024). In addition
to institutional initiatives, technological innovations have further expanded the pedagogical potential of
sustainability education. Digital transformation within universities enables the development of
interactive learning tools, environmental monitoring systems, and data-driven platforms that allow
students to analyze carbon emissions in real-time. Studies examining digital administrative systems have
also indicated that replacing paper-based processes with digital alternatives can reduce material
consumption and associated carbon emissions, thereby contributing to institutional sustainability goals
(Herrera-Granda et al., 2024).

Specialized courses and international collaborative programs represent another important
dimension of pedagogical innovation in CO, emissions education. Courses focusing on low-carbon
technologies, environmental policy management, and sustainable development provide students with the
technical knowledge and analytical skills necessary to address climate mitigation challenges. Educational
initiatives addressing low-carbon technology and environmental governance emphasize the importance
of interdisciplinary competencies in preparing students for sustainability-oriented professional roles (Yu
et al., 2013). International collaborative programs, such as Erasmus+ sustainability courses, enable cross-
cultural learning and knowledge exchange related to environmental management and sustainable
construction practices (Selman and Verdonck, 2025). These programs expose students to diverse
environmental perspectives and encourage global collaboration to address climate challenges. By
integrating analytical tools, participatory learning, institutional sustainability initiatives, and global
collaboration, universities can create educational environments that foster knowledge acquisition and
behavioral transformation. A summary of the Key Pedagogical Approaches and their impact is shown in
Table 2.

Table 2. Summary of key pedagogical approaches

Approach Key Features Impact
LCA and Carbon Practical tools for calculating emissions It improves systems thinking
Quantification and evaluating life cycle environmental  and students’ ability to assess
impacts (Zhang et al., 2025; Sivanandam  sustainability impacts.
et al., 2024).
Online/Distance ICT-based teaching methods that Significant reduction in

Learning Models

reduce travel and campus energy
consumption (Caird et al., 2015).

educational carbon emissions
while supporting learning

accessibility.
Participatory Community-based climate action and It encourages stakeholder
Methods service-learning projects (Yi et al., 2025;  collaboration and applies
Guerra et al., 2025). sustainability learning.
Interdisciplinary Active learning frameworks integrate Strengthens climate literacy
Education climate science, ethics, and policy and problem-solving

competency.
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Approach Key Features Impact

discussions (Diaz-Clark et al., 2025; Kim,
2024).

Institutional Campus carbon neutrality strategies Align institutional operations

Frameworks have been integrated into teachingand  with sustainability education.
research (Udas et al., 2018; Magoo et al.,
2024).

Technology-Driven Digital systems reduce resource use and It enhances institutional

Approaches support environmental analyses efficiency and climate
(Herrera-Granda et al., 2024). awareness.

Specialized Courses Courses on low-carbon technologies and It prepares students for
international sustainability sustainability-oriented

collaboration (Yu et al., 2013; Selman & professional roles.
Verdonck, 2025).

Overall, pedagogical approaches to CO, emission education in higher education have
increasingly emphasized experiential learning, interdisciplinary collaboration, digital innovation, and
institutional transformation. By combining analytical tools, participatory engagement, and sustainability-
oriented curricula, universities can create educational environments that enhance students’
understanding of climate change and empower them to actively contribute to carbon emission reduction
and broader sustainability goals.

5. Impact on Student Behavioral Change

Carbon literacy and CO, emission education have been increasingly recognized as influential
drivers of pro-environmental behavioral change among university students (Y. Zhang et al., 2025). Within
higher education institutions, environmental education initiatives are designed to improve students’
understanding of climate science and to shape the attitudes, motivations, and actions necessary for
reducing carbon emissions (Tang, 2022). The relationship between educational interventions and
behavioral outcomes is inherently complex, involving the interaction of cognitive knowledge,
psychological engagement, social norms, and institutional contexts. When effectively implemented,
carbon literacy education can foster students’ awareness of environmental challenges and encourage
them to adopt sustainable lifestyle practices that contribute to climate mitigation. Consequently, higher
education institutions play a critical role in shaping environmentally responsible citizens capable of
integrating sustainability considerations into both personal decision-making and professional practices.

One of the most consistent impacts of carbon literacy education is the enhancement of students’
climate knowledge and beliefs regarding the feasibility of climate action. Educational programs that focus
on climate science and mitigation strategies have been shown to significantly improve students’
understanding of environmental systems and strengthen their confidence in responding to climate
change. For instance, the “Bending the Curve” climate solutions course demonstrated that students who
participated in the program developed greater confidence in the scientific foundations of climate change,
while also expressing stronger belief in society’s ability to address environmental challenges through
coordinated action (Gupta et al., 2025). Similarly, carbon literacy initiatives emphasize actionable
knowledge that connects scientific understanding with practical mitigation. Programs such as the Carbon
Literacy Project provide participants with tools and competencies that allow them to interpret carbon-
related information and apply emission reduction strategies in everyday decision-making contexts
(Matharu Srkoc et al., 2022; Molthan-Hill et al., 2025). These educational approaches highlight the
importance of bridging scientific knowledge with practical climate solutions, thereby strengthening
students’ sense of agency and responsibility in the face of environmental challenges.

Beyond knowledge development, carbon literacy education influences students’ environmental
attitudes and behavioral intentions. Environmental attitudes represent individuals’ evaluations and
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values regarding environmental protection and often function as psychological precursors to behavioral
decisions. Studies examining sustainability education among university students have demonstrated that
exposure to environmental curricula can significantly enhance students’ environmental awareness while
fostering more positive attitudes toward sustainable lifestyles (Zsoka et al., 2013). Similarly, research
investigating university students’ perceptions of sustainability education shows that educational
experiences can strengthen students’ understanding of environmental problems and encourage them to
adopt pro-environmental perspectives (Boca and Saragli, 2019). More recent studies suggest that
environmental education indirectly influences low-carbon behavior through mediating factors such as
environmental attitudes and perceived environmental value (Yang et al., 2025). Within this framework,
educational experiences strengthen environmental attitudes, which subsequently influence behavioral
intentions and decision-making processes related to sustainability practices. For example, sustainability
education programs have been shown to increase students’ willingness to engage in activities such as
waste separation, energy conservation, and environmentally responsible consumption (Franco et al.,
2022; Thanh Binh et al., 2025).

Despite these positive impacts, the relationship between climate education and actual behavioral
change remains complex and inconsistent. Several studies have highlighted the persistence of an
“awareness—action gap,” wherein students demonstrate strong environmental knowledge but fail to
consistently translate this knowledge into sustainable behaviors. Research exploring the relationship
between education and environmental behavior suggests that although educational interventions can
positively influence attitudes and intentions, their direct effect on long-term behavioral change may be
limited without supportive contextual factors (Powdthavee 2021). Similarly, analyses of student lifestyle
emissions indicate that individuals often express support for climate mitigation strategies but encounter
practical barriers when attempting to implement these behaviors in everyday contexts (Zhu et al., 2026).
These findings underscore the importance of integrating behavioral reinforcement mechanisms,
institutional support systems, and experiential learning opportunities into sustainability education
programmes to strengthen the translation of knowledge into action.

Psychological and emotional factors further mediate the effectiveness of carbon literacy
education in promoting sustainable behaviors. Educational interventions that incorporate emotional
engagement and psychological training can strengthen students’ abilities to sustain environmental action
over time. For example, experimental studies examining Mental Mode Management (MMM) training
demonstrate that psychological interventions aimed at improving emotional regulation and mindfulness
can enhance pro-environmental behavior while reducing climate-related anxiety among participants
(Colombo et al., 2025). Emotional rewards associated with environmentally responsible actions can
reinforce sustainable behavior. Research examining behavioral patterns among university students
suggests that feelings of personal satisfaction and accomplishment derived from sustainability actions
can encourage continued engagement in pro-environmental practices (Fang 2021). These findings
indicate that educational programs that address emotional engagement and psychological well-being
may play a crucial role in sustaining long-term environmental commitment among student populations.

Another important factor influencing behavioral change is the social and institutional context in
which sustainability education occurs. Collaborative learning environments and peer interactions can
significantly shape students’ environmental behavior by reinforcing social norms related to sustainability.
Educational interventions that incorporate group discussions, collaborative problem-solving, and shared
learning experiences have been shown to increase students’ motivation to participate in climate action
initiatives (Moore et al., 2026). Embedding sustainability education across multiple academic disciplines
can strengthen the relevance of environmental issues within different professional contexts, thereby
encouraging students to integrate sustainability principles into their future careers (Anderson, 2024).
Innovative educational approaches, such as experiential learning and game-based climate education,
further demonstrate the potential for strengthening long-term behavioral engagement by creating
interactive and emotionally meaningful learning experiences (Demir Yildiz, 2025). Moreover, the
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influence of climate education can extend beyond individual behavioral changes, encouraging students
to participate in broader environmental initiatives, policy advocacy, and community-based sustainability
projects (Zhang et al., 2022). An overview of the Key Findings on Climate Education Effectiveness and
Challenges is shown in Table 3.

Table 3. Summary of key impact on behavior change

Key Impact Areas Findings
Knowledge Climate education improves understanding of climate science and strengthens
Enhancement beliefs in actionable climate solutions (Gupta et al., 2025; Matharu Srkoc et al.,
2022).

Behavioral Change Students adopt sustainable behaviors, such as waste reduction and low-
emission consumption practices (Gupta et al., 2025; Moore et al., 2026).

Emotional Psychological interventions enhance emotional engagement and support
Resilience sustained pro-environmental actions (Colombo et al., 2025).
Challenges Awareness-action gap and difficulties in applying theoretical knowledge to

real-life contexts (Hijazi et al., 2025; Powdthavee, 2021).

Recommendations Experiential learning, interdisciplinary curricula, and social learning
environments enhance the effectiveness of climate education (Anderson,
2024; Moore et al., 2026).

Overall, carbon literacy and climate change education have significant potential to influence
students’ environmental attitudes, intentions, and behaviors in higher education contexts. Educational
initiatives that combine scientific knowledge with practical tools, emotional engagement, and
collaborative learning environments are particularly effective in promoting sustainable behavioral
change. However, the translation of climate awareness into consistent, long-term action is influenced by
psychological, social, and institutional factors. Addressing these factors through integrated educational
strategies can enhance the effectiveness of carbon literacy programs and strengthen the role of
universities in fostering environmentally responsible behavior among future generations.

6. Discussion

The findings of this review demonstrate that carbon literacy education in higher education
operates through a dynamic interplay between cognitive, analytical, and socio-emotional learning
processes rather than through isolated instructional strategies. While the previous sections identified a
range of pedagogical approaches, a critical synthesis revealed that these approaches differ significantly in
their mechanisms for influencing student behavior. Analytical approaches, such as Life Cycle Assessment
(LCA) and carbon footprint quantification tools, primarily enhance students’ cognitive awareness by
providing measurable and data-driven insights into emissions. In contrast, participatory and experiential
approaches, including service learning and collaborative sustainability projects, engage students at the
social and emotional levels, fostering a sense of responsibility, agency, and collective action. This
distinction suggests that no single pedagogical approach is sufficient; instead, effective carbon literacy
education emerges from integrating analytical rigor with socially embedded learning experiences.

A key insight emerging from this synthesis is the differential effectiveness of these approaches in
addressing the awareness-action gap. Analytical tools such as LCA are highly effective in improving
knowledge accuracy and enabling students to understand the environmental consequences of their
behavior in quantitative terms. However, evidence from the reviewed literature indicates that such
approaches alone often fail to produce sustained behavioral change, as they primarily target cognitive
understanding without sufficiently addressing motivational and contextual factors. Conversely,
participatory and experiential learning approaches appear more effective in translating awareness into
action as they embed sustainability practices within real-world social contexts and reinforce behavioral
norms through peer interaction and community engagement. However, these approaches may lack the
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analytical depth required for informed decision-making if not complemented by data-driven tools.
Therefore, the most effective strategy for bridging the awareness-action gap lies in hybrid pedagogical
models that combine analytical tools with participatory and experiential learning, enabling both
understanding and action-oriented engagement to be achieved.

These findings have important implications for the theoretical development of environmental
and sustainability education. The results strongly support and extend Transformative Learning Theory,
which emphasizes critical reflection, experiential engagement, and perspective transformation as key
drivers of behavioral change. The evidence suggests that carbon literacy education aligns with
transformative learning processes when it moves beyond knowledge transmission to challenge students’
assumptions, values, and practices. In particular, participatory and experiential approaches facilitate
“perspective transformation” by situating students within real-world sustainability challenges, thereby
encouraging critical reflection on personal and societal roles in climate change. Simultaneously, the
integration of analytical tools, such as LCA, extends transformative learning by incorporating evidence-
based reasoning into reflective processes, suggesting a hybrid model in which cognitive and affective
dimensions are mutually reinforcing rather than separate.

Furthermore, the findings contribute to refining the behavioral frameworks commonly used in
sustainability education, such as the knowledge-attitude-behavior (KAB) model. The persistence of the
awareness-action gap observed in the literature challenges the linear assumptions of this model,
indicating that knowledge acquisition does not automatically translate into behavioral change. Instead,
the results support more complex frameworks that incorporate mediating variables, such as emotional
engagement, social norms, and institutional contexts. In this regard, carbon literacy education can be
conceptualized as a multidimensional process in which behavioral outcomes are shaped by the
interaction of cognitive understanding, psychological motivation, and social reinforcement. This
perspective extends existing theoretical models by emphasizing the importance of integrating affective
and contextual factors into the educational design.
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Another important theoretical implication relates to the systems thinking frameworks in
sustainability education. The integration of interdisciplinary and experiential learning approaches
reflects a shift toward viewing climate change as a complex socio-ecological system, rather than a purely
scientific problem. The findings suggest that carbon literacy education is most effective when students
are encouraged to understand feedback loops, interdependencies, and the systemic impact of their
actions. This aligns with systems thinking theory, while also extending it by demonstrating how systems-
based understanding can be operationalized through practical learning experiences and behavioral
interventions. In this sense, carbon literacy serves as a bridge between abstract systems thinking and
concrete behavioral practice.

Institutional context also emerges as a critical moderating factor influencing both pedagogical
effectiveness and theoretical interpretation. Universities that align curriculum, campus operations, and
sustainability governance create environments that reinforce learning through consistent signals and
practices (Figure 3). This finding supports sociocultural learning theories, which emphasize that
knowledge is constructed through interaction with social and institutional environments. This also
suggests that transformative learning in sustainability cannot occur solely at the individual level but must
be supported by institutional structures that enable and normalize sustainable behavior. Conversely,
inconsistencies between institutional discourse and practice may undermine both learning outcomes and
theoretical assumptions regarding behavior change.

Overall, this discussion advances the understanding of carbon literacy education by positioning
it as an integrative framework that combines analytical, experiential and socio-institutional dimensions.
The synthesis highlights that effective behavioral change requires not only knowledge acquisition but
also emotional engagement, social reinforcement, and supportive institutional contexts. By bridging
pedagogical approaches and theoretical frameworks, this review contributes to a comprehensive
understanding of how higher education can facilitate meaningful and sustained transitions toward low-
carbon behaviors.

7. Implications for Higher Education Policy and Practice

The findings of this review highlight the strategic role of higher education institutions (HEIs) in
advancing sustainability transitions by integrating carbon literacy and climate action education into
institutional policies, curricula, and operational practices. Universities function not only as centers of
knowledge production but also as agents of societal transformation, capable of shaping environmental
awareness, sustainability competencies, and climate-related decision-making among students.
Consequently, the implications of carbon literacy education extend beyond pedagogical innovation and
require coordinated policy frameworks that integrate academic learning, institutional governance and
operational sustainability practices. Embedding carbon literacy within higher education therefore
demands a comprehensive institutional approach that aligns teaching, research, campus management,
and community engagement with broader sustainability objectives to achieve carbon neutrality.

One of the most significant policy implications is the integration of carbon literacy into academic
curricula. Climate change is a complex global challenge that intersects with multiple disciplinary
domains, including engineering, economics, policy studies, and social sciences. Consequently,
sustainability education should not be confined to specialized environmental courses but should be
embedded across diverse academic programs. Integrating climate literacy into business education, for
example, has demonstrated how interdisciplinary curricula aligned with Sustainable Development Goal
13 can promote sustainability leadership and strengthen students’ understanding of climate-mitigation
strategies (Elsayed et al., 2025). Similarly, educational frameworks for climate change education
emphasize the importance of incorporating climate literacy across disciplines to ensure that students
from diverse academic backgrounds acquire the competencies required to address environmental
challenges (Molthan-Hill et al., 2022). Case studies examining climate literacy programs further indicate
that embedding climate education within formal curricula enhances students’ environmental awareness
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and encourages participation in climate action initiatives (Hijazi et al., 2025). Such curricular integration
recognizes climate change as a cross-cutting issue requiring interdisciplinary knowledge and
collaborative problem-solving.

Beyond curricular innovation, whole-institution approaches represent a critical strategy for
integrating carbon literacy into higher-education policy and practice. Whole-institution models
emphasize embedding sustainability principles across all dimensions of university operations, including
teaching, research, governance, and campus management, to achieve sustainability. Universities
adopting such models often align their educational programs with global sustainability frameworks, such
as the United Nations Sustainable Development Goals (SDGs), thereby strengthening their institutional
commitment to sustainability. Research examining institutional strategies for Education for Sustainable
Development indicates that integrating SDG-related learning outcomes across academic programs can
significantly enhance student engagement and sustainability competency (Price et al., 2024).
Furthermore, transdisciplinary educational initiatives that involve collaboration among academic
departments enable universities to develop integrated curricula capable of addressing complex
environmental challenges through interdisciplinary knowledge production (White et al. 2025). These
institutional strategies highlight the importance of systemic integration over isolated sustainability
initiatives.

Competency-based educational frameworks also have important implications for developing and
evaluating carbon literacy initiatives within universities. Frameworks designed to measure climate action
competencies provide valuable tools for assessing the effectiveness of sustainability education programs.
For instance, the Climate Action Competence Scale (CACS) was developed to evaluate individuals’ climate
knowledge, efficacy beliefs, and commitment to climate action (Tseng et al., 2025). The use of such
assessment tools allows universities to monitor the development of sustainability competencies among
students and identify areas for improvement in educational programs. In addition to student learning
outcomes, teacher education programs play a crucial role in supporting carbon literacy. Preparing
educators to teach climate change and sustainability topics effectively ensures that climate education can
be integrated across diverse academic disciplines and educational levels (Winter et al., 2022). Frameworks
designed for pre-service teacher training further emphasize the need to equip educators with both the
scientific knowledge and pedagogical skills required for delivering effective climate education (Reed
Johnson et al., 2025).

Another important implication is the role of collaborative partnerships and transdisciplinary
engagement in advancing sustainability education. Universities are increasingly collaborating with
external stakeholders, including governments, schools, and industry partners, to support climate action
initiatives and sustainability innovation. Educational alliances linking universities with school systems,
for example, enable the expansion of climate literacy programs beyond higher education and promote
knowledge exchange between educational institutions (Galdames and Saracostti 2025). Similarly,
transdisciplinary research initiatives focusing on urban climate transitions demonstrate how universities
can collaborate with policymakers and community stakeholders to develop practical solutions for
environmental challenges (Rohracher and Kordas, 2024). Partnerships with industry also contribute to
sustainability innovation by facilitating co-learning processes and supporting carbon management
initiatives within broader socioeconomic systems (Earley et al., 2024).

Institutional governance frameworks also play a critical role in enabling the successful
implementation of carbon literacy strategies in universities. Governance models that embed
sustainability principles into institutional decision-making processes are essential for coordinating
climate action across academic and operational spheres. Structured governance initiatives, such as the
Sustainable Universities Initiative, illustrate how universities can systematically reduce carbon emissions
through integrated assessment, planning, and implementation processes (Magoo et al., 2024). Similarly,
system dynamics approaches have been developed to help institutions analyze complex sustainability
transitions and identify barriers to green transformation within university systems (Franco et al., 2025).

240



Maryawan et al. 2026. Carbon Literacy in Higher Education: A Systematic Review of CO, Emission Education and Its Impact on Student
Behavioral Change. J. Presipitasi, Vol 23 No 2: 225-246

Collaborative governance networks involving university leadership, academic departments,
administrative units, and external stakeholders further facilitate the implementation of climate action
initiatives by promoting coordinated decision making across institutional structures (Jimu and
Rennkamp, 2023).

Operational decarbonization strategies also reinforce carbon literacy education by aligning
campus practices with sustainable principles. Many universities have implemented decarbonization
initiatives, including transitioning to renewable energy systems, improving energy efficiency in campus
infrastructure, and promoting sustainable transportation policies. Studies examining university
mitigation strategies emphasize the importance of addressing greenhouse gas emissions across multiple
operational scopes, including those associated with commuting and business travel (Rinollo et al., 2025).
The adoption of standardized carbon accounting frameworks, such as ISO 14064-1 further enables
universities to systematically measure and manage their emissions while identifying opportunities for
reduction (Tsai et al., 2025). Green Campus initiatives similarly demonstrate how visible sustainability
programs, such as energy conservation campaigns, waste reduction initiatives, and biodiversity
protection programs, can strengthen environmental awareness among students and staff while
reinforcing institutional commitments to climate action (Gungor et al., 2025). These initiatives transform
university campuses into living laboratories, where sustainability principles are integrated into everyday
institutional practices.

Despite these promising developments, several challenges continue to hinder the effective
implementation of carbon literacy and climate action education in higher education institutions.
Financial limitations, fragmented governance structures, and inconsistent institutional commitment can
restrict the scope of sustainability initiatives (Gungor et al., 2025; Jimu and Rennkamp, 2023). In addition,
inconsistencies in carbon footprint measurement methodologies and sustainability reporting standards
complicate efforts to evaluate institutional progress toward decarbonization goals (Da Silva et al., 2023).
Addressing these challenges requires stronger institutional support mechanisms, enhanced stakeholder
collaboration, and the development of standardized frameworks for sustainability education. Effective
communication strategies that promote sustainability awareness across university communities can
facilitate cultural shifts toward environmental responsibility (Mitra and Roy, 2025). Moreover, research
on sustainable development literacy suggests that institutional environments, including curriculum
design, campus culture, and student engagement initiatives, play a decisive role in shaping the
effectiveness of sustainability education (Qi et al., 2023).

Overall, the policy and practical implications of carbon literacy education emphasize the need
for integrated institutional strategies that combine curricular innovation, competency development,
collaborative governance, and operational sustainability initiatives. Universities that adopt
comprehensive whole-institution approaches are better positioned to align their educational programs
with institutional climate goals while fostering environmental responsibility among students and staff.
By embedding sustainability principles within academic curricula and institutional governance
structures, higher education institutions can play a transformative role in advancing global climate
mitigation efforts and preparing future generations to address the complex challenges of sustainable
development.

8. Conclusion

This review synthesizes current research on carbon literacy and CO, emission education in
higher education, highlighting their roles in fostering environmental awareness and promoting pro-
environmental behavioral change among university students. The findings indicate that carbon literacy
education contributes to improving students’ climate knowledge, strengthening their environmental
attitudes, and increasing their willingness to adopt sustainable behaviors. Pedagogical approaches, such
as experiential learning, project-based learning, interdisciplinary curricula, and institutional
sustainability initiatives, provide important mechanisms for translating climate knowledge into practical
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action. These approaches enable students to understand the environmental implications of their daily
activities while developing the competencies required to participate in climate mitigation efforts. Despite
these positive outcomes, the literature consistently reveals challenges in bridging the gap between
environmental awareness and sustainable behavioral change. Psychological, social, and institutional
factors influence students’ ability to consistently translate climate knowledge into low-carbon practices.
Consequently, effective carbon literacy education requires integrated strategies that combine cognitive
learning with experiential engagement, social reinforcement, and a supportive institutional environment.
Therefore, higher education institutions play a transformative role in advancing sustainability transitions
by embedding carbon literacy across curricula, institutional governance, and campus operations.
Strengthening interdisciplinary collaboration, expanding experiential learning opportunities, and
aligning institutional policies with climate education objectives are essential for preparing university
graduates to actively contribute to global efforts toward low-carbon and sustainable societies.

Declaration of Generative Al and Al-assisted Technologies in the Writing

Process

During the preparation of this work, the author(s) used ChatGPT to improve readability, correct
grammatical errors, and assist in summarizing paragraphs into tables, and GPAI to support visual
development. After using these tools/services, the author(s) carefully reviewed and edited the content as
needed and took (s) full responsibility for the content of the published article.

CRediT Authors Statement

Iwan Maryawan: Writing - review and editing, Writing-original draft, Methodology, Formal analysis,
Data curation, Conceptualization. Herpratiwi: Writing-review and editing, Writing-original draft.
Sowiyah: Writing-review and editing, Writing-original draft. Melya Riniarti: Writing-review & editing,
Writing-original draft. Riswanti Rini: Writing-review and editing. Rini Nurindarwati:Writing-review
and editing. Lia Nurbanillah Fujianti: Writing-review & editing.

References

Anderson, A. 2024. Climate change and sustainability literacy: a mixed-methods study of attitudes to
climate education in secondary schools. Climatic Change 177.

Anwar, D., Simanjuntak, E.E., Sitepu, I., Kinda, M.M., Nainggolan, E.A., and Wibowo, Y.G. 2024.
Thermophilic digestion of palm oil mill effluent: enhancing biogas production and mitigating
greenhouse gas emissions. Jurnal Presipitasi 21, 734-746.

Ariyatun, A., Sudarmin, S., Rahmawati, A., Winarto, W., and Wibowo, T. 2025. Reconstruction of the
engineering design project (EDPJ) learning model based on ethno-esd to actualize students’
sustainable environmental literacy. LUMAT 12, 11.

Atef, R., and Ramachandran, B. 2026. Promoting community engagement and environmental awareness
through educational initiatives, in: Environmental Education and Sustainable Development:
Challenges and Prospects for the Future. pp. 261-281.

Bekaroo, G., Bokhoree, C., Ramsamy, P., and Moedeen, W. 2019. Investigating personal carbon emissions
of employees of higher education institutions: Insights from Mauritius. Journal of Cleaner
Production 209, 581-594.

Boca, G.D., and Saragli, S. 2019. Environmental education and student’s perception, for sustainability.
Sustainability (Switzerland) 11.

Caird, S., Lane, A., Swithenby, E., Roy, R., and Potter, S. 2015. Design of higher education teaching models
and carbon impacts. International Journal of Sustainability in Higher Education 16, 96-111.

Cen, Z., Lin, C., Wang, J., Li, Y., Qiu, H., Li, W, Zeng, X., He, ]., and Zeng, W. 2025. Machine learning-
assisted investigation on individual emissions of college students: a case study in Southern China.
Environment, Development and Sustainability.

242



Maryawan et al. 2026. Carbon Literacy in Higher Education: A Systematic Review of CO, Emission Education and Its Impact on Student
Behavioral Change. J. Presipitasi, Vol 23 No 2: 225-246

Colombo, S.L., Lefrancois, C., Fradin, J., Chiarella, S.G., Raffone, A., and Simione, L. 2025. A Randomised
controlled trial of mental mode management to foster pro-environmental behaviour and reduce
climate change anxiety in french adults. Sustainability (Switzerland) 17.

Da Silva, L.A., De Aguiar Dutra, A.R., and De Andrade Guerra, J.B.S.O. 2023. Decarbonization in higher
education institutions as a way to achieve a green campus: a literature review. Sustainability 15,
4043.

Demir Yildiz, C. 2025. Raising climate heroes: ecological game camp—a mixed-methods study on
experiential climate education in children and adults. Sustainability (Switzerland) 17.

Diaz-Clark, E., Balgopal, M.M., and Denning, A.S. 2025. From science to solutions: teaching climate
change as simple, serious, and solvable. Journal of College Science Teaching 54, 506-511.

Earley, S., Stridsland, T.D., Korn, S., and Lysdk, M. 2024. Co-learning partnerships and carbon
management in Denmark and Canada. International Journal of Sustainability in Higher
Education 25, 40-59.

Elsayed, A.H., Pajuelo, M.L., Almaghaireh, 1., Chaaban, K., Homsi, I., and Elmassri, M. 2025. Fostering
sustainability leadership through SDG 13 integration in business curricula. Sustainability
(Switzerland) 17.

Fang, S.-C. 2021. The pro-environmental behavior patterns of college students adapting to climate change.
Journal of Baltic Science Education 20, 700-715.

Ferguson, T. 2019. Climate change education for sustainable development, in: leal filho, w. (ed.),
encyclopedia of sustainability in higher education. Springer International Publishing, Cham, pp.
225-232.

Franco, D., Macke, J., Cotton, D., Pago, A., Segers, J.-P., and Franco, L. 2022. Student energy-saving in
higher education tackling the challenge of decarbonisation. International Journal of
Sustainability in Higher Education 23, 1648-1666.

Franco, E., Armenia, S., Christou, O., Tsaples, G., Uribe-Toril, J., and Papathanasiou, J. 2025. A system
dynamics model to promote awareness of the green transition challenges in higher education
institutions. Presented at the Lecture Notes in Business Information Processing, pp. 127-138.

Galdames, I.S., and Saracostti, M. 2025. Educational alliances for climate action: analysis of partnerships
between universities and schools in education for sustainability. Presented at the Lecture Notes
in Networks and Systems, pp. 75-86.

Garrecht, C., Christenson, N., Gericke, N., Haglund, J., Appelgren, J., and Harms, U. 2026. Unpacking
climate literacy in science education: what explains students’ willingness to engage in climate
action? Journal of Research in Science Teaching.

Guerra, J.B.S.0O. d. A., Aguiar Dutra, A.R. d., Fernandez, F., Berchin, I.I., Pastor, E.V.B., and Cubas, A.L.V.
2025. Climate action in higher education: advancing sustainable development through an
international research consortium. International Journal of Sustainability in Higher Education 1-
21

Gungor, S.F., Kuloglu, C., and Yagci, O. 2025. From vision to visibility: Green Campus initiatives at
Ankara’s universities. Journal of Water and Land Development 2025, 235-243.

Gupta, A.R,, Jaiswal, S., Purpura, S., Dizon, S., Buan, M., Dong, F., Forman, F., and Mishra, J. 2025. Effects
of solutions centered climate education on youth beliefs and behaviors: the university of
california’s bending the curve course. Sustainability (Switzerland) 17.

Hardyanti, N., Samadikun, B.P., Saputri, A.R., and Yuwono, A.P. 2022. Greenhouse gas emission reduction
strategies in the transportation and solid waste sector in Cilacap Regency. ]. Presipitasi 19, 239-
250.

Herrera-Granda, E.P., Aza-Espinosa, M.]., Burbano-Pulles, M., Mina-Ortega, J., Herrera-Granda, I.D., and
Yambay-Vallejo, W.J. 2024. Statistical analysis of digital transformation and its incidence in
reducing the use of paper in a higher education institution: a case study. Journal of Technology
and Science Education 14, 1041-1059.

243



Maryawan et al. 2026. Carbon Literacy in Higher Education: A Systematic Review of CO, Emission Education and Its Impact on Student
Behavioral Change. J. Presipitasi, Vol 23 No 2: 225-246

Hijazi, R.A., Hijazi, A.A., and Jones, V. 2025. Climate literacy for students in higher education: a case study
from the University of the West of England (UWE), Bristol, in the United Kingdom. International
Journal of Sustainability in Higher Education 26, 188-206.

Jimu, T., and Rennkamp, B. 2023. Science to practice - networked governance of sustainability transitions
in an African university. International Journal of Sustainability in Higher Education 25, 19-39.

Kim, Y. 2024. Education for climate change: an andragogical approach with a transdisciplinary
framework, in: Sustainable Universities and Colleges: Sustainability Advances in Institutions of
Higher Education. pp. 207-224.

Kumbhojkar, N., and Raman, R. 2024. A critical and empirical analysis of the relation between awareness,
commitment, and pro-sustainability practices amongst higher education institutions. Presented
at the TQCEBT 2024 - 2nd IEEE International Conference on Trends in Quantum Computing and
Emerging Business Technologies 2024.

Lingos, A., Zapanti, G.-T., Klioumis, N., Karaevangelou, P.-R., and Skanavis, C. 2025. From awareness to
action: how urban greening and climate change shape student health perceptions in higher
education. Sustainability (Switzerland) 17.

Magoo, C., Lakra, S., and Bhardwaj, A. 2024. Sustainable universities initiative: a comprehensive approach
for assessing and mitigating carbon emissions. Presented at the 2024 5th IEEE Global Conference
for Advancement in Technology, GCAT 2024.

Matharu Srkoc, M.M., Pontoppidan, C.A., Molthan-Hill, P., and Korbel, P. 2022. Exploring carbon
education for all: the carbon literacy project, in: Handbook of Climate Change Mitigation and
Adaptation: Third Edition. pp. 3459-3496.

Mertens, A., Eppinga, M.B., Arens, P., de Scisciolo, T., John, N., Sultan, S., Buys, N., and Mijts, E.N. 2024.
The GreenComp Evaluation Roadmap: a roadmap for in-depth holistic evaluation of the
integration of the GreenComp framework in higher-education curricula. International Journal of
Sustainability in Higher Education 26, 149-168.

Mitra, A., and Roy, R. 2025. Leveraging communication strategies to foster sustainability integration in
higher education institutions, in: Barriers and Opportunities in Education for Immigrants and
Refugees. pp. 161-194.

Mohan, L., Chen, J., and Anderson, C.W. 2009. Developing a multi-year learning progression for carbon
cycling in socio-ecological systems. Journal of Research in Science Teaching 46, 675-698.

Molthan-Hill, P., Blaj-Ward, L., Mbah, M.F., and Ledley, T.S. 2022. Climate change education at
universities: elevance and strategies for every discipline, in: Handbook of Climate Change
Mitigation and Adaptation: Third Edition. pp. 3395-3458.

Molthan-Hill, P., Korbel, P., losif-Lazar, L.-C., Srkoc, M.M.M., and Pontoppidan, C.A., 2025. Exploring
climate education for all: the carbon literacy project and other initiatives, in: Handbook of
Climate Change Mitigation and Adaptation. pp. 4335-4377.

Molthan-Hill, P., Worsfold, N., Nagy, G.J., Leal Filho, W., and Mifsud, M. 2019. Climate change education
for universities: A conceptual framework from an international study. Journal of Cleaner
Production 226, 1092-1101.

Moore, C., Klemm, C., Buckland, N., Sauras-Yera, T., and Sabate, S. 2026. Carbon footprint calculators to
support education on sustainable behaviour: a case study applying COM-B with undergraduate
students and in-service educators. International Journal of Sustainability in Higher Education 1-
24.

Moore, J. 2005. Is higher education ready for transformative learning? A question explored in the study
of sustainability. Journal of Transformative Education 3, 76-91.

Moosavi, S., and Bush, J. 2024. Embedding sustainability in interdisciplinary pedagogy for planning and
design studios. Journal of Planning Education and Research 44, 576-589.

Oliveira, M.C., and Proenca, J. 2025. Sustainable campus operations in higher education institutions: a
systematic literature review. Sustainability 17, 607.

244



Maryawan et al. 2026. Carbon Literacy in Higher Education: A Systematic Review of CO, Emission Education and Its Impact on Student
Behavioral Change. J. Presipitasi, Vol 23 No 2: 225-246

Page, M.]J., McKenzie, ]J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D., Shamseer, L.,
Tetzlaff, .M., Akl, E.A., Brennan, S.E., Chou, R., Glanville, J., Grimshaw, ]J.M., Hrdbjartsson, A.,
Lalu, M.M,, Li, T., Loder, E.W., Mayo-Wilson, E., McDonald, S., McGuinness, L.A., Stewart, L.A.,
Thomas, J., Tricco, A.C., Welch, V.A., Whiting, P., and Moher, D. 2021. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. The British Medical Journal,
372, N7L

Peretz, R. 2025. Integrating systems thinking into sustainability education: an overview with educator-
focused guidance. Education Sciences 15.

Powdthavee, N. 2021. Education and pro-environmental attitudes and behaviours: A nonparametric
regression discontinuity analysis of a major schooling reform in England and Wales. Ecological
Economics 181.

Price, E., Nicholson, D.T., Dunk, R., Lawler, C., Carney, M., Vargas, V.R., Veitch, S., Leigh, S., Singleton,
M., and Mottram, S. 2024. Enabling change agents for sustainable development: a whole-
institution approach to embedding the UN Sustainable Development Goals in higher education.
International Journal of Sustainability in Higher Education 25, 1333-1350.

Qj, S., Huang, D., Ma, Q., and Zhou, M. 2023. Factors influencing sustainable development literacy among
engineering undergraduates in china: based on the college impact model. International Journal
of Environmental Research and Public Health 20.

Qian, D., Wei, X., Zhuy, G., Ma, X., Huy, B,, and Pang, X. 2026. Reconsidering college students’ low-carbon
behavior: the role of paradoxical thinking. International Journal of Sustainability in Higher
Education 27, 734-751.

Reed Johnson, J.A., Marston, S., Happle, A., and Majid, N. 2025. Climate change and sustainability
education framework: an opportunity for pre-service teaching. Cogent Education 12.

Rinollo, A., Boncaldo, A., Caccamo, M.T., Calabro, E., Pistorino, L., and Magazl, S. 2025. University
priority actions for mitigation and adaptation to climate change. Atti della Accademia Peloritana
dei Pericolanti, Classe di Scienze Fisiche, Matematiche e Naturali 103(S1), Au

Rohracher, H., and Kordas, O. 2024. Transdisciplinary research and education to increase the capacity for
governing urban climate transitions, in: Higher Education and SDGu1: Sustainable Cities and
Communities. pp. 9—26.

Russell, J., Van Horne, S., Ward, A.S., Bettis, E.A., Sipola, M., Colombo, M., and Rocheford, M.K. 2016.
Large lecture transformation: adopting evidence-based practices to increase student engagement
and performance in an introductory science course. Journal of Geoscience Education 64, 37-51.

Satchwell, C. 2013. “Carbon literacy practices”: textual footprints between school and home in children’s
construction of knowledge about climate change. Local Environment 18, 289-304.

Selman, A.D., and Verdonck, E. 2025. Shaping sustainability minds in construction education: unveiling
the impact of the erasmus+ sustainabuild course. presented at the association of researchers in
construction management, ARCOM 2025 - Proceedings of the 41st Annual Conference, pp. 607-
616.

Sivanandam, H., Hu, C., and Chan, A. 2024. Board 26: reducing environmental impact in higher
education: curriculum design for the sustainable-unit operations laboratory. Presented at the
ASEE Annual Conference and Exposition, Conference Proceedings.

Sjostrom, J., Yavuzkaya, M., Guerrero, G., and Eilks, 1. 2024. Critical chemical literacy as a main goal of
chemistry education aiming for climate empowerment and agency. Journal of Chemical
Education 101, 4189-4195.

Tang, K.H.D. 2022. A model of behavioral climate change education for higher educational institutions.
Environmental Advances 9, 100305.

Tarrazo-Serrano, D., Gonzalez-Pavon, C., Castifleira-Ibanez, S., Arizo-Garcia, P., Uris, A., and Rubio, C.,
2024. Bridging sustainability and physics: fostering inclusion and awareness of sdgs in
engineering curriculum. International Journal of Engineering Education 40, 965-978.

245



Maryawan et al. 2026. Carbon Literacy in Higher Education: A Systematic Review of CO, Emission Education and Its Impact on Student
Behavioral Change. J. Presipitasi, Vol 23 No 2: 225-246

Thanh Binh, V.T., Hong Thuy, N.T., Hang, D.T., and Castillo-Gonzélez, W., 2025. Environmental
education and its role in enhancing intention to separate waste: evidence from higher education
in vietnam. Salud, Ciencia y Tecnologia - Serie de Conferencias 4.

Tsai, S.-Y., Wang, M.-C,, Yao, S.-P., Tsay, GJ., and Lin, C.-P. 2025. Greenhouse gas emissions and
mitigation strategies in universities under ISO 14064-1: Lessons for Global Higher Education
Sustainability. Sustainability (Switzerland) 17.

Tseng, Y.-C., Wang, C.-Y., Liuy, S.-C., and Lin, S.-S. 2025. Development and validation of the self-perceived
climate action competence scale. Environmental Education Research.

Udas, E., Wolk, M., and Wilmking, M. 2018. The “carbon-neutral university” - a study from Germany.
International Journal of Sustainability in Higher Education 19, 130-145.

Valls-Val, K., and Bovea, M.D. 2021. Carbon footprint in Higher Education Institutions: a literature review
and prospects for future research. Clean Technologies and Environmental Policy 23, 2523-2542.

White, R.M., Saunders, C., and Robinson, Z.P. 2025. Sustainability research, teaching and practice:
towards transdisciplinary knowledge co-production in universities, in: Perspectives and Practices
of Education for Sustainable Development: A Critical Guide for Higher Education. pp. 162-188.

Wibowo, Y.G., Anwar, D., Rinovian, A., Jarwinda, Sudibyo, Maryani, A.T., Syarifuddin, H., Yuliansyah,
A.T., and Petrus, H.T.B.M. 2025. Integrated adsorption-phytoremediation as facile and low-cost
method for recovery of valuable minerals from mining waste. Bioresource Technology Reports
29, 102093.

Winter, V., Kranz, J., and Mdller, A. 2022. Climate change education challenges from two different
perspectives of change agents: perceptions of school students and pre-service teachers.
Sustainability (Switzerland) 14.

Yang, M., Ren, G., and Guo, L. 2025. The impact of environmental education on college students’ low-
carbon behaviour: a chain mediation model moderated by prosocial behaviour. Australian
Journal of Environmental Education.

Yi, F., Ironsi, C.S., and Bensen Bostanci, H. 2025. Incorporating service-learning projects in teaching
sustainability: promoting participatory climate action within higher education institutions.
International Journal of Sustainability in Higher Education 1-21.

Yu, H., Chen, R, Lj, J., and Tian, X. 2013. The education of contemporary college student on technology
and policy management of low-carbon. Presented at the Proceedings of the 2013 International
Conference on Advanced Information Engineering and Education Science, ICAIEES 2013, pp. 19—
21

Zhang, ]., Tong, Z., Ji, Z., Gong, Y., and Sun, Y. 2022. Effects of climate change knowledge on adolescents’
attitudes and willingness to participate in carbon neutrality education. International Journal of
Environmental Research and Public Health 19.

Zhang, R., Lang, C., and Zhang, H. 2025. Understanding greenhouse gas emissions and life cycle
assessment of clothing: engaging students’ hands, heads and hearts. International Journal of
Sustainability in Higher Education.

Zhang, Y., Du, Q., Huang, Y., Mao, Y., and Jiao, L. 2025. Decoding determinants of pro-environmental
behaviors of higher education students: insights for sustainable future. International Journal of
Sustainability in Higher Education 26, 1568-1593.

Zhu, W, Li, D., and Liu, W. 2026. From intention to action: Modeling student lifestyle carbon emissions
and reduction scenarios. Cleaner and Responsible Consumption 21.

Zsoka, A., Szerényi, Z.M., Széchy, A., and Kocsis, T. 2013. Greening due to environmental education?
Environmental knowledge, attitudes, consumer behavior and everyday pro-environmental
activities of Hungarian high school and university students. Presented at the Journal of Cleaner
Production, pp. 126-138.

246



